
NOVEL FRAGMENTATION IN BUPHANISINE' 

VIA INTERPRETATION OF ITS HIGH RESOLUTION MASS - 

SIR: 

The successful application of the low resolution @7!!!m= mass spectro- . 
metric method to many structural studies in the indole and dihydro- 

indole alkaloids reflect the proclivity of the nitrogen atom t6 

dominate the major modes of molecular fragmentation. (3J4) 

ly, Biemann et al. (5y6) have proposed an "element map" for the 
presentation of high resolution mass spectral data in an attempt 

to allow structural inferences to be drawn from grouping the 

observed ions according to their heteroatomic content. Thus, 

in the case of deoxydihydro-Nb-methylajmaline and voacangine, 

the overwhelming predominance of entries within the nitrogen 

Recent- 

heteroatomic groups was interpreted as demonstrating that the 

heteroatom, nitrogen, "is intimately built into the carbon skeleton, 

making it impossible to produce ions without heteroatoms to any 

appreciable extent." High resolution mass spectral data of 

ajmaline, ajmalidine and related alkaloids ( 7 )  would bear out this 

conclusion. 

In this laboratory consideration of the matrix tabulation 

(Table 1) of the elemental compositions and fragment intensities ( 8 )  

for buphanisine (I) has revealed that such an assumption regarding 

the "intimately built-in" nature of the bicyclic bridgehead 

nitrogen in this Amaryllidaceae alkaloid could have led to 

erroneous structural correlations with its high resolution m a w  
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spectrum, were it an alkaloid of unknown structure. This 

surprising feature is apparent from the observation that the 

most abundant fragments are found in the CHO column, demonstrating 

that the bicyclic bridgehead nitrogen is eliminated in a neutral 
-3 

- 
fragment from the molecular ion. ( 9 )  

Rational accounting for this unexpected observation may be 

depicted by the fragmentation sequence in Scheme 1 showing the 

elimination of the alicyclic nitrogen as 55 mass units (m.u.) 

of composition C H N and 55t-15 m.u. ( C 4 H 8 N ) .  Benzylic cleavage 3 5  
(5,6-bond) of buphanisine (I), with charge retention on the 

tropilium moiety thus generated, forms species a, which can - 

I 
undergo retro-Diels-Alder fission of ring C, resulting in the 

“open” molecular ion, b. (11) Loss of azabutadiene by simple 

fission of the 11,12-bond in b forms the conjugated allylic 

radical ion, - c (M-551, of composition C14H1403. 

- 
- 

Now facile expulsion of a methyl radical f rom fragment c - 
produces the highly unsaturated, methylenedioxytropilium ion, - d 

( M - T O ) ,  of composition C H 0 A large metastable peak is 

observed in the conventional mass spectrum for the transition 

230 -> 215. This l o s s  of a methyl radical may be assisted 

13 11 3 -  

energetically ‘by the formation of the pyrane S t r U C i i i i t e ,  - d ’ .  
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C y c l i z a t i o n  of f ragment  - c w i t h  subsequen t  l o s s  of a 

methoxy r a d i c a l  r e s u l t s  i n  ion  - e (Cl3Hl1O2) which c o u l d  r e a d i l y  

l o s e  a hydrogen rad ica l  t o  f o r m  t h e  c g c l o p e n t a d i e n y l  s p e c i e s  f .  

It shou ld  be  n o t e d  t h a t  s e v e r a l  f r agmen t s  of l e s se r  

abundance do c o n t a i n  t h e  a l i c y c l i c  n i t r o g e n :  (1) l o s s  of methyl  

r a d i c a l  from t h e  m o l e c u l a r  ion;  ( 2 )  l o s s  of methoxyl  r a d i c a l  

from t h e  molecu la r  i o n  g e n e r a t i n g  an a l l y l i c  carbonium i o n  a t  

C - 3 ;  ( 3 )  e x p u l s i o n  o f  e t h y l e n e  ( C - 1 1 , C - l Z ) ;  and ( 4 )  t h e  removal of 

a CqH70 and a C5H80 s p e c i e s  from r i n g  C t o  g i v e  f r agmen t s  g and h .  

F ragnen t  - h may c y c l i z e  w i t h  concomi tan t  loss of n e u t r a l  HCN t o  

forrn a s e r i e s  of i o n s  of compos i t ions  C H 0 v i a  e x p u l s i o n  

of hydrogen r a d i c a l s  t o  form t h e  f u l l y  a romat i c  methylenedioxy-  

- 

11 10-8 2 - 

azulen ium i o n  i .  - 

The c o r r e l a t i o n s  

f u r t h e r  sub s t an t i a t e d 

b up h a n i d r i n e ,  c r i n  i n e  

w i l l  be r e p o r t e d  i n  a 

p o s t u l a t e d  i n  t h i s  comnunicat ion a r e  

by  ana logous  r e s u l t s  f o r  a m a r y l l i s i n e ,  (12) 

f u l l  pape r  i n  t , h i s  s e r i e s .  (14) 

and t h e i r  d i h y d r o d e r i v a t i v e s ,  ( l3 ) which 

These r e s u l t s  r e p r e s e n t  t h e  f i r s t  example where t h e  n e u t r a l  

n i t r o g e n - c o n t a i n i n g  moiety,  a z a b u t a d i e n e ,  i s  e l i m i n a t e d  d i r e c t l y  

from a b i c y c l i c  b r idgehead  p o s i t i o n .  O the r  examples of n i t r o g e n  

he te roa tom e l i m i n a t i o n  upon e l e c t r o n  impact  occur  as ammonia, (15)  

hydrogen cyan ide ,  (I6) methylene imine, ( 9, from monocyclic sys tems 

o r  a c y c l i c  s i d e  c h a i n s ;  ( 8 )  and d i h y d r o i ~ o q u i n o l i n e ( ~ )  from a 

b i c y c l i c  sys tem.  Thas, c a u t i o n  m u s t  be e x e r c i s e d  i n  t h e  i n t e r -  

p r e t a t i o n  of t h e  p o p u l a t i o n  d i s t r i b u t i o n s  a r r a n g e d  a c c o r d i n g  

t o  h e t e r o a t o m i c  c o n t e n t  a r i s i n g  from h i g h  r e s o l u t i o n  mass 

s p e c t r o g r a m s .  
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l l a .  The r e t r o - D i e l s - A l d e r  f i s s i o n  of r i n g  C i s  f u r t h e r  c o r -  
r o b o r a t e d  by t h e  occur rence  o f  t h e  l e s s  abundant  f ragment  
of composi t ion  C H 0 which r e p r e s e n t s  t h e  l o s s  of t h e  
= - a l l y l  r a d i c a l  ( C H 2 = C H - N H - )  from t h e  m o l e c u l a r  i o n ,  - b .  

b e n z y l  d e r i v a t i v e  cannot  b e  exc luded ,  b s t  r e p r e s e n t a t i o n  
as a me thy lened ioxy t rop i l ium i o n ,  d, i s  c o n s i s t e n t  w i t h  
t h e  subsequent  loss of formaldehyde t o  g i v e  t h e  s u b s t i t u t e d  
t r o p o l o n e  ion  (C12H902)  and t h e  loss of carbon monoxide from 
t h e  t r o p o l o n e  t o  y i e l d  a s u b s t i t u t e d  pheny l  t y p e  i o n  ( C l l H g O ) ,  
p r o c e s s e s  which have been p o s t u l a t e d  as q e r a t i v e  i n  
methylenedioxybenzyl  systems which can  form t h e  t r o p i l i u m  
i o n  on e l e c t r o n  impact [ B .  Wi l lha lm,  A .  F .  Thomas and 
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b .  The p o s s i b l e  r e p r e s e n t a t i o n  of t h e  open form, 2, as a 

F .  Gau t szh i ,  Te t rahedron ,  20, 1185 ( 1 9 6 4 ) ;  Biemann, Mass 
S p e c t r o m e t r i ,  9. -- c i t .  , p .TO81 . 
d u r i n g  t r o p i l i u m  i o n  f o r m a t i o n  has  been confirmed by 
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a p p e a r a n c e - p o t e n t i a l  measurements [ J .  M .  S .  T a i t ,  T-. W .  
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